Exhibit 3 to the Request for Ex Parte Re-examination of 



In re Patent No: 6,135,886 

Issued: October 24, 2000 
Applicant: Brad A. Armstrong 

Title: Variable-Conductance Sensor with Elastomeric Dome-Cap 



<i9)b*bi*jw (J p) da & m 4# & & (A) mmmmm** 

4^18^5—326217 

(43)&MB WE 5 *f (1993)128103 



(5i)inta« mam rrmm^ fi s«^a3f 

H01C 10/10 A 
G0 1L 1/18 

9/04 1 0 1 9009-2F 



(21)«B»*I 


<f*»¥4-12J993 


(7l)tBRA 


000006220 










(22)ffiKB 


«U*F(1992) 6El4a 




XKsnft«ae"r 8tb 8#»2 






(72) 8MB* 










«sca^*m«:BB54i /w**-t;a- 








5101 






(72)«9J* 










KSCfflSWMS«irr2Tai9»}ai3# 














(74)ftSA 





(54) [56W<0«»3 OETCfiftK 



(57) ISttl 

mm *-#>^7y^^57r<h«OKSf» 

tt£l*AEJBT*. £®*Ei<fiB3SaSSl*. MilKX 

J0 7 «*(,TSEF>I*£«:88 1 SffittS. +- b v ?6 
£8Ttf*i. 0ETOffi^l*<»Ktt«9. lOfc 

D . 9.10 7 68fiSS**a*ftS8 

«fls«jl«t»n*. »Jl*t«jSbT«EElI«K(Wl 




-95- 



1 

[0 00 11 
[000 2] 

[000 3] 

co*-yjVi*fiW i -*x* d-ju*-. S8Wi(0/X7- 

««*f«irrntf. jssr7>v->w>*7x-xfcb 
[0004] coY*um»ft*$mrzitv>\z\z* 

ictli SI*, B^&^axhSfcfc^THS 

[0 0 0 5] £QBBttffl#fc#lJ^a»Xft 
£, j.otenxh<D?T££^£»#UTxu£ hn:^ 
[000 63 

[&«£#fc-r*fc#©f«] ;r<D$£TO±±e@«£& 

[0 0 0 7] 



#8*5-3 26 217 

[0 0 0 8] 

[MHO KT» £cOBH<^^«*HfcftoX#}fi 
[0 0 0 9] 03HU £*F£fi#ttR£(0W«S7* 

[0 0 10] H4UraTOStmiex4 y?-5&tt 

7 ttfij£^nefi«» i ©-bcwiwu < 

fc-OC&BfcttA 9 , 1 o izBETCEttftB 1 
fflO««a7S:^LTZ:o<OB^«^9. 10M£@tt 
8§1 h*:/6*MC«EU 
[0 0 11] JULO. £0X^**5 fcfcSEBfrtttStf 

^yf5fc«U immz,k~DTZ*n-)),&&+ 

^h^xrejttjKs^T^w^ «##©«*ir*i;T 
x*n-/us«s % *-v;k»s&aae» n>bfo.-^y- 

[0 0 12] A. CO»Wtt±E-SSElfi«fcBtera'b 
[0013] 



-96- 



3 




4 








i 






2 






3, 4 






5 




[02] 0U3E?I«ffi«iS©ffffl&^»»ia. 


6 






7 






8 






10 9, 10 




[@5] H4 05x-f v5 L <o*>w&\zm**mts&* 







[Bin [02] 




8 



-97- 



N&V0603C 1 



(19) Japan Patent Office (JP) 



(12> Laid Open Patent Publication (A) <U>Laid Open Patent 

Application Publication No. 

Laid Open Patent Application H05-326217 
(43) Publication date December 10, 1993 



(51) Int. CP 
H01C 10/10 
G01L 1/18 
9/04 



ID Office Cont. No. Fl 
A 



Technical description 



101 9009- 2F 



Examination Apply No Number of claims 1 (total 3 pages) 



(2l)Appl. No. 


(71) Applicant 000006220 


Patent Application H04- 121993 


Mitsumi Electric, Ltd. 


(22) Filing date May 14, 1992 


8-8-2 Kokuryo-cho, Chofu-shi, Tokyo 


(72) Inventor Hitoshi Furukawa 




HainesuByura 101 




541 Kotta, Tama-shi, Tokyo 




(72) Inventor Yoshihiro Hirao 




Hayagiri-so 3 




2-19-13 Kokuryo-cho, Chofu-shi, Tokyo 




(74) Representative 




Koukishi Hayashi, Patent Attorney 



(54) [Title of the invention] Pressure-sensitive variable resistor 
(57) [Abstract] 

[Objective] Tb provide a variable resistor that can easily be applied to keyboards and the 
like. 

[Construction] A pressure-sensitive variable resistor - 1 is formed by mixing carbon powder 
such as carbon black and graphite with a silicon rubber material and integrally molding it. 
For applying it, for example, to a switch 5, a pressure-sensitive variable resistor 1 is 
provided on the bottom surface of a key top 6 via an electro-conductive layer 7. When the 
key top 6 is pressed down, the pressure-sensitive variable resistor 1 abuts secure contact 
points 9 and 10. The contact pressure between carbon powder particles is increased by 
the applied pressure and anisotropic conductivity is established between the secure 
contact points 9 and 10 and the electro-conductive layer 7. The resistance of the 
pressure-sensitive variable resistor 1 is changed according to the applied pressure so that 
the voltage between the secure contact points 9 and 10 can be manually and arbitrarily 
controlled. 



[Claim] 

[Claim l] A pressure-sensitive variable resistor formed by mixing an electro-conductive 
material with an elastic rubber material and integrally molding it for anisotropic 
conductivity. 
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[Detailed explanation of the invention] 
[0001] 

[Scope of the invention] 

The present invention relates to a variable resistor, and in particular to a variable resistor 
having a solid structure, 

[0002] 

[Prior art technology] 

Traditionally, variable resistors comprising a resistor and sliding contact points are used 
for circuit voltage adjustment. On the other hand, sensors such as straight gauges using 
the properties of semiconductor pressure-sensitive elements having stress related variable 
electric resistance are well known. 

[0003] 

[Problems overcome by the invention] 

For example, cursor motion keys and scroll keys in computers and power window switches 
in automobiles are switches that simply switch between ON and OFF. If these keys and 
switches are provided with a function to adjust the analogue operation rate according to 
the intention of the operator, improvement in terms of so-called man-machine performance 
is anticipated. 

[0004] " 

In order to realize this analogue operation, a variable resistor as an electric rate operating 
means should be installed in keys or switches while, needless to say, hardware and 
software must be modified. However, there are problems with volume, weight, durability, 
and cost in applying the prior art variable resistors to these keys and switches. For 
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example, when prior art mechanical variable resistors are used in the keys of a keyboard, 
problems occur with space, durability, and operability. 

[0005] 

Therefore, the purpose of the present invention is to provide a variable resistor having a 
simple structure and high durability, yielding changes in resistance corresponding to 
operational feeling, and requiring low cost for improved functions of electronic devices. 

[0006] 

[Problem resolution means] 

In order to achieve the above purpose, the present invention proposes a pressure-sensitive 
variable resistor formed by mixing an electro-conductive material such as carbon powder 
with an elastic rubber material and integrally molding it for anisotropic conductivity. 

[0007] 

[Efficacy] 

An electro-conductive substance such as carbon powder mixed in the elastic rubber 
material normally exhibits low contact pressure between the electro-conductive substances, 
yielding high electric resistance. When the elastic rubber is pressured on both sides, the 
elastic rubber is deformed by the stress and has increased contact pressure between the 
electro-conductive substances in the stress direction, decreasing the resistance and 
establishing anisotropic conductivity in the stress direction. The resistance is changed in 
proportion to the stress. The change in load stress is easily translated to the change in 
resistance. 



[0008] 



N&V0603C 4 



[Embodiment] 

An embodiment of the present invention is described in detail hereafter with reference to 
the drawings. Fig.l shows a pressure-sensitive variable resistor 1 formed by mixing an 
elastic rubber material such as silicon rubber with carbon powder such as carbon black 
and graphite and molding it into a rubber plate having appropriate thickness. As shown 
in Fig.2, electrodes 3 and 4 of a power source 2 are connected to the pressure-sensitive 
variable resistor 1 on either side. Then, stress is applied to either side of the 
pressure-sensitive variable resistor 1. Consequently, the contact mode of the carbon 
powder in the stress direction is changed and anisotropic conductivity in the arrowed 
direction is established. 

[0009] 

Fig.3 shows the relationship between stress F and resistance R. The resistance is high in 
the absence of stress. As the pressure is increased, the carbon powder becomes a denser 
contact mode in the stress direction, resulting in decreased resistance. Therefore, 
measurements of the voltage between the electrodes 3 and 4 provide the stress expressed 
in electrical quantity, which can be used, for example, in load meters. Resistors having 
different ranges of resistance and load power can be provided depending on the volume, 
cross-sectional aspect ratio, hardness, and carbon powder mixing rate of the 
pressure-sensitive variable resistor 1. 

[0010] 

Fig. 4 shows an embodiment in which the pressure-sensitive variable resistor 1 is applied 
to a switch 5. Here, the pressure-sensitive variable resistor 1 is used as the movable 
contact point of a rubber key top 6. An electro-conductive layer 7 is provided between the 
pressure-sensitive variable resistor 1 and the rubber key top 6. The electro-conductive 
layer 7 is formed on one surface of the pressure-sensitive variable resistor 1 by printing or 
integral molding. When the rubber key top 6 is pressed down, the pressure-sensitive 
variable resistor 1 makes contact with two secure contact points 9 and 10 on a circuit 
board 8 as shown in Fig. 5, establishing a circuit between the two secure contact points 9 
and 10 via anisotropic electro-conductive paths a and b of the pressure -sensitive variable 
resistor 1 and the electro-conductive layer 7 above it. When the contact pressure is low, 
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the pressure-sensitive variable resistor 1 has high resistance. The resistance is reduced 
as the rubber key top 6 is further pressed down and the contact pressure is increased.. 



[0011] 



For example, when the switch 5 is used as a component in an oscillation circuit, the 
oscillation frequency can be controlled depending on the pressing force. When the switch 
5 is used in the scroll keys and cursor motion keys of a computer keyboard and the 
hardware and software is modified to change the scroll rate and cursor moving speed 
according to the resistance, the scroll rate, cursor moving speed, and character reaction 
speed in computer games can be fully controlled according the intention of the user. 



[0012] 

The present invention is not restricted to the above embodiment and various modifications 
can be made without departing from the scope of the invention. Needless to say, the 
present invention contains all such modifications. 

[0013] 

[Efficacy of the invention] 

The pressure-sensitive variable resistor of the present invention is, as described in detail 
with regard to the above embodiment, a solid resistor that has a variable resistance 
according to the pressing force, which is subject to very little failures such as breaking, is 
excellent in productivity, and suitable for mass-production with low cost. It is a solid-type 
without a sliding element. Therefore, the pressure-sensitive variable resistor of the 
present invention can be easily applied to keyboards and controllers and contributes to 
extended use of variable resistors and, subsequently, improved functions of various 
electronic devices. 



N&V0603C 6 



[Brief explanation of the drawings] 

[Fig.l] A plane view of the pressure-sensitive variable resistor of the present invention. 
[Fig.2] An illustration to explain the behavior of the pressure-sensitive variable resistor. 
[Fig.3] A graphical representation showing the relationship between stress and resistance 
of the pressure-sensitive variable resistor of the present invention. 
[Fig. 4] A cross-sectional view of a switch using the pressure-sensitive variable resistor. 
[Fig.5] An illustration showing the electric path within the switch in Fig.4 when it is on. 



[Legend] 
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